(ONE- § 5000 [ ==Y

F/ o
U LA-UR -8s-1e02 RLCEIVED BY 0ST JUNOT7 B85

'

Los Alamos Nauonal Laboratory 18 opersted by the University of Cahlornia for the United States Department of Energy under contract W-7405-ENG-36

LA-UR--85-1602
DE85 012674

TITLE:  GAMMA-RAY LINE INTENSITIES FOR DEPLETED URANIUM

DISCLAIMER
E This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United Staies Government nor any sgency thereol, nor any of their

employces, makes any warranty, express or implied, or assumes any legal liability or responsi-

AUTHDR(S) C.E. Moss bility for the sccuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privatcly owned rights. Refer-
ence herein lo any specific commercial product, process, or service by trade name, trademark,
manufacturer, or othorwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the Unitod States Government or any sgency thereof. The views
and opinions of authors expressed hervin do nol necessarily state or reflect those of the
United States Government or any agency tiereof.

susMiTTED TO. International Conference on Nuclecar Data for Basic
and Applied Sciences
Santa Fe, New Mcxico

May 13-17, 1985

By accepiance of (s article (he pybhsher recoguizes that the U S Government relains a nonesclunive. royally. iree icenae to publish of reproduce
the published form ol IR contnbyhon o o Allow others to do 80, for US Govarnment purposes

the Loy alamos National ; aboratory teuyuests that the publisher iduntily this arhicle as work performed unde: the auspices of the U S8 Depart:nent of Energy

L@S A am@ Los Alamos National Laboratory
Los Alamos,New Mexico 87545

FORM NO 824 B4

2


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


GAMMA-RAY LINE INTENSITIES FOR DEPLETED URANIUM

CALVIN E. M0OSS
Los Alamos National Laboratory, Los Alamos, New Mexico. USA

Abstract Measurements of the gamma-ray line intensities from
depleted uranium allowed us to determine which of two conflicting
previous experiments was correct. For the 1001-keV line we obtained
a branching ratio of 0.834 1 0.007, in good agreement with one of the
previous experiments. A table compares our intensities for several
lines with those obtained in previous experiments.

INTRODUCTION

—

The gamma-ray line intensities from depleted uranium are necessary for
assaying material in nuclear safeguards and for calculating the gamma-ray
flux from objects containing depleted uranium. Most of the gamma rays are
produced by 234Mpa and 224Pa in equllibrium with 238U (Fig. 1). For the
strong 1001 -keV from 224Mpa the Table of Isotopes! and the Nuclear Dsta
Sheets® quote a branching intensity of 0.59% basod on a 1963 referance.® A
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FIGURE 1| Part of the decay chain for 288,
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1971 report from the Lawrence Livermore National L.aboratory gives
0.828%.4 Some difficulties in cbtaining agreement between calculated and
measured fluxes from objects containing depleted uranium prompted us to
remeasur? the intensities of lines from depleted uranium.

EQUIPMENT AND METHODS

For the measurements, we used three high-purity germanium detectors, five
samples and two distances in many combinations. The resolutions (full width
at half maximum) and the efficiencies (at 1332 keV relative to the
efficlency of a 7.62 cm long by 7.62 cm diameter Nal(Tl) detector) of the
three detectors were 1.98 keV and 19.8%, 1.90 keV and 11.3%, and 1.73 keV
and 31.7%. Four of the samples were disks with the following masses:
0.5¢9,5.89,11.3 g, and 22.4 9. The fifth sample was a 270.0-¢ foll 15.9cm
long and 10.8 cm wide. Each sample contained 0.997% 23°U by welght. The
two distances between the source and the detector were 25 cm and 100 cm,
An 8192-channel analyzer acquired the pulse-height distributlons.

To calibrate the efficiency of the system wua used a radioactive source
from the US National Bureau of standards (NBS) containing 22%Sb, 1%4Ey,
and ***Eu. The uncertainties in most of the line intensities were less than
0.7%. We also compared several commerclal sources such as *®Y and ¢°Co
with larger uncertainties to the NBS source to verify that there were no
gross !nconsistencies. Some callbration measurements were made wich just
the NBS source present; for others, the NBS source and the uranium sample
were hoth present and located at the same distance.

Analysis of the measurements required the determination of peak
areas. A program called FiTEK?® determinad some of the peak areas by
fitting a Gaussian function with tails to the peaks. Other peak areas were
determined in the pulse-height analyzer by subtracting a straight-line
approximation for the continuum under each peak. Separate background
measurements were used to correct all peal: areas.

'iwo mathods were used to determine an efficlency curve from the
efficlency calibration puak areas. The first method involved fitting the
efficiency points with the function

NMAX .
InE_ = A, (nEY™
P o !

whare E = efficlency, A} = coefficlent, E = energy In keV, and NMAX =
maximum number of parameters, usually eight. The second method was
simply manually drawing a curve through the efficlency points.

RESULTS

Among the many gamma-ray lines from dapleted uranium (Fig. 2) we chose
the flve lines with energles 742, 766, 786, 946, and 101| keV for analysls.

These lines are the stronqest ones in the region where our efficlency curves
are most accurate. The Table shows that our values are In good agreement
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with those of Ref. 4. Our value of 103.7 £ 0.9 photons/s/g of 238U for the
1001 -keV line corresponds to a *?3Mpa branching ratio of 0.834 £ 0.007; the
value in Ref. 4 is 0.828 1 0.008.

We have calculated recommended values for eight strcng lines (last
column of the Table). These values are averages weighted by the squarw of
the uncertainties from three sources: Ref. 2 normalized, Ref. 4, and the
present work. The weighted average of the value of 103.0 ¢ 1.0 from Ref. 4§
and the value of 103.7 ¢ 0.9 for the 1001 -keV line is 103.4 £ 0.7. We used
this value to normalize the values in Ref. 2. The uncertainties in column
two of the Table include a 14% uncertaliaty in the overall normalization
added by Ellis-Akovali;? we omitted this uncertainty in our weighting
procedure. Values for lines not shown in the Table can be calculated with a
similar weighting procedure.

TABLE Specific activities of lines from depleted uranium.

Energy Nuclear
(kaV) Data Sheets? Livermoreb Present Work Recommended

258 7.1 ¢+ 1.0 9.1 ¢+ 0.3 - 9.4 1 0.2

742 74 ¢ 1.0 11.8 ¢+ 0.2 12.1 ¢+ 0.7 11.65 ¢ 0.18
166 25 ¢ 4 38.9 ¢+ 0.4 4l.a+ 0.9 39.1 1 0.4

786 45 t 0.6 6841 0.14 681+ 0.5 6.73 ¢t 0.12
946 28 ¢ 1.1 4.4} £+ 0.09 4.21 05 4.40 ¢ 0.09
1001 73 ¢ 10 1030 ¢+ 1.0 103.7 ¢+ 0.9 103.4 1 0.7

1738 1.8 ¢+ 0.3 2.64 ¢+ 0,03 -—— 2.63 ¢ 0.03
1831 l.¢ ¢+ 0.2 2.18 ¢ 0.02 -—- 2.16 t 0.02
8Ref. 2.

bRref. 4.
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FIGURE 2 Pulss-height distribution from the 270.0 g sample of depleted
uranium at 25 cm.
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